Meshless methods for solving fluid flow problems have become a promising alternative to mesh-based methods. In this paper, a meshless method based on radial basis functions in a finite difference mode (RBF-FD) has been developed for the incompressible Navier-Stokes (N-S) equations in primitive variable form. Pressure-velocity decoupling has been achieved using a fractional step method whereas time splitting has been done using both explicit and implicit schemes. The RBF-FD implicit scheme shows better accuracy and stability, and is able to accurately capture higher gradients of field variables even at coarser grids; unlike the RBF-FD explicit scheme where loss of accuracy was especially prominent at places with larger gradients. To overcome the ill-conditioning and accuracy problems arising from the use of non-uniform and random node distribution, a novel concept of adaptive shape parameter (ASP) for RBF functions is introduced. The use of ASP allows much finer nodal distribution at regions of interest enabling accurate capturing of gradients and leading to better results. The performance of the * Corresponding Author
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Introduction 1
In the past two decades, meshless methods have emerged as a class of ef-2 fective numerical techniques for the solution of various engineering problems.
3
The aim of these methods is to eliminate, at least, the structure of the mesh 4 and approximate the solution entirely using a set of arbitrarily distributed 5 nodes (or particles). They have the capability to accommodate larger defor-6 mations as well as coping with the domains comprising of irregular/complex 7 geometries with relative ease. Moreover, it is easier to add or remove nodes 8 from the domain during the analysis which otherwise is a tedious task in 9 case of mesh-based methods. Some of the well-known meshless methods are The fact is that the accuracy of results is greatly influenced by the value of 
71
In addition, the authors have also investigated the novel concept of using 
RBF-FD for Incompressible N-S Equations

86
The time dependant, incompressible and viscous Navier-Strokes equations 87 in non-dimensional primitive (pressure-velocity) variable form are expressed 88 as:
where V is the velocity vector, P is the pressure, and can be written as:
the pressure term in momentum equation can then be linked with velocity as:
where V n and V n+1 are the velocity values at n th and (n + 1) th time step respectively and P n+1 is the pressure value at (n + 1) th time step. Now, from continuity equation (1):
Substituting the value of V n+1 from equation (4) into (5) leads to,
Equation (5) 
where N is the number of nodes in the support domain of node x 1 , u(x j ) is the value of parameter u at node x j and W
1,j is the weight of corresponding differential operator L at node x j for node x 1 as shown in figure 1 . The standard RBF interpolation for a set of distinct points
is given by:
where φ( x − x j ) is the radial basis function, . is the standard Euclidean norm and λ j and β are the expansion coefficient. Some of the common radial basis functions are given in Table 1 . In Lagrange form, equation (8) can be written as:s
where X ( x − x j ) satisfies the cardinal conditions as
Applying the differential operator L on equation (9) at node x 1 yields:
Using equations (7) and (11), RBF-FD weights W
1,j are given by
The weights can be computed by solving the following linear system [14] :
where
T evaluated at node x 1 and μ is a scalar parameter which enforces the condition:
Evaluation of equation (13) 
where, u i and v i are the Cartesian components of velocity vector V at node 112 i in x and y directions respectively, N is the total number of interior and 113 
boundary nodes which lie in the supporting region/stencil for the node i and Explicit Euler discretization of time derivative appearing in equation (3) can be written as
At the end of each time step, continuity condition is satisfied by Poisson equation (6) (18) in 2D Cartesian form can be written as:
Intermediate velocity components can be determined from values of previ-
124
ous iteration using equations (19) 
Implicit Approach
138
The following approach has been used to achieve second-order accurate 
Hence equation (3) can be expressed as:
RBF-FD approximation of the 2-D spatial derivatives appearing in equation (23) is as follow:
Equation (24) can be written in more concise form as:
Matrix equations can similarly be formulated for v * as: The Pressure values on the boundaries are obtained using the equa- trix was a key factor in determining the accuracy of the RBF interpolation.
197
Therefore, the choice of shape parameter value has to be a balance between However, for present study, a commonly used scheme, presented by Franke
229
[11], has been used which suggests the shape parameter as σ i = 1.25D/ √ N
230
(Where N is the number of data points in the influence domain of the particle 231 i and D is the diameter of the minimal circle enclosing all the data point).
232
Other schemes for calculating optimum shape parameters can also be tested 233 to further validate the concept.
234
For the adaptive shape parameter concept, value of (σ) is calculated ex- 
The flow Reynolds number is defined as Re = ρU L/μ, where ρ is the fluid number has been set as 10 and time step has been chosen to be 10 −4 sec.
257
The total error for each case has been calculated by evaluating norm tational effort so as to achieve greater accuracy with less number of nodes. 
291
The velocity boundary conditions are directly obtained from physical con- cial care has to be taken to ensure locally orthogonal grid near the boundary.
306
Implementation of locally orthogonal grid for random nodal distribution has 307 been shown in figure 3(c). 
Comparison of Implicit and Explicit RBF-FD Schemes
309
The results for Lid Driven cavity flow have been calculated at Reynolds 
Effect of Nodal Distribution
337
In order to study the effect of changing nodal distribution with the do- be observed that non-uniform grid was able to capture the velocity gradients 343 more accurately due to higher nodal density at critical areas. Therefore,
344
selectively distributing the particles in the domain to achieve the nodal den- helps achieve accurate results even for less number of nodes.
347
Meshless particle methods often employ random particle distribution.
348
Therefore, implicit scheme has been used to solve the flow case over ran- 
Comparison of Constant and Adaptive Shape Parameters
354
It can be observed from figures 3(b) and 3(c) that the nodal spacing,
355
and thus the distribution of nodes, varies considerably within the domain. remains well posed at all data point.
363
The results of lid driven cavity flow problem at Re 400 and 1000 with corner-to-centre nodes is limited to 2.5. Any value higher than 2.5 will cause ures 8 and 9, respectively (for fixed and adaptive RBF shape parameters).
377
Significant improvement in results is observed with the use of adaptive shape 378 parameters. 
Unsteady Laminar Flow
426
Unsteady behaviour of flow behind the cylinder is studied at Re 100 and Table   434 5. The results are in good agreement with previously calculated values.
435
The vortex shedding frequency increases with increase in Reynolds number.
436
Moreover, oscillation profile of flow is followed by similar pattern of variation 
Figure 12: Vorticity plots for steady flow at different Reynolds numbers 
462
Application of presented scheme may be extended to explore 3D problems. discretization schemes. 
